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$EVWUDFW
$Q DUWLILFLDO QHXUDO QHWZRUN $11PRGHO LV GHYHORSHG IRU WKH HVWLPDWLRQ RI WKH FRQFUHWH SDYHPHQW FRQVWUXFWLRQ
SURGXFWLYLW\'DWDZHUH FROOHFWHGZLWK GLUHFW REVHUYDWLRQRYHU DQ HLJKWPRQWK SHULRG$PXOWLOD\HU IHHG IRUZDUG
0/)) QHWZRUN ZLWK D EDFNSURSDJDWLRQ %3 DOJRULWKP LV DSSOLHG IRUPRGHOLQJ WKUHHPDLQ VXEWDVNV FRQFUHWH
OD\HULQJFRQFUHWHILQLVKLQJDQGMRLQWVFXWWLQJ7ZRLQSXWQHXURQVKDYHEHHQXVHGUHSUHVHQWLQJWKHZRUNLQJZLGWKDQG
OHQJWKRIDJLYHQVXUIDFHZLWKDFRQVWDQWFRQFUHWHWKLFNQHVVDQGRQHRXWSXWQHXURQSURYLGHVHVWLPDWHVRIWKHDFKLHYHG
SURGXFWLYLW\2QHKLGGHQOD\HUZLWKWKUHHVODEVDQGGLIIHUHQWQXPEHURIQHXURQVIRUHDFKLQGLYLGXDOPRGHOKDVEHHQ
LPSOHPHQWHG WKXV UHVXOWLQJ LQ WKUHH GLVWLQFW DUWLILFLDO QHXUDO QHWZRUNV IRU WKH VWXG\ RI WKH FRQFUHWH SDYHPHQW
RSHUDWLRQV'LIIHUHQW W\SHVRI VFDOLQJ IXQFWLRQVDUH LQFRUSRUDWHG LQ WKHPRGHOV VRDV WRPRGHO WKHDFWXDOGDWD LQD
PRUH UHDOLVWLF PDQQHU 7KH GHYHORSHG QHXUDO QHWZRUN PRGHOV LQGLFDWH DGHTXDWH FRQYHUJHQFH DQG JHQHUDOL]DWLRQ
FDSDELOLWLHVDVVKRZQE\WKHRXWFRPHRIWKHYDOLGDWLRQSURFHVV7KHUHVXOWVDUHFRPSDUHGZLWKWKHDFWXDOGDWDIURP
WKHILHOGPHDVXUHPHQWVDVZHOODVZLWKHVWLPDWHVVWHPPLQJIURPPXOWLSOHUHJUHVVLRQ05PRGHOV,WKDVEHHQVKRZQ
WKDW IRU WKH ILUVW WZR VXEWDVNV WKH QRQOLQHDU GHVFULSWLRQ LV EHWWHU ZKHUHDV IRU WKH WKLUG VXEWDVN WKH UHJUHVVLRQ
DQDO\VLV VHHPV WR SURYLGHPRUH VXLWDEOH UHVXOWV 7KH FRQFUHWH SDYHPHQW SURGXFWLYLW\ SUHGLFWLRQPRGHOV GHYHORSHG
KHUHLQHQDEOHSODQQHUVDQGHVWLPDWRUVWRDFTXLUHPRUHDFFXUDWHSUHGLFWLRQVIRUGLIIHUHQWRSHUDWLRQDOVFHQDULRV
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,QWURGXFWLRQ
7KHSDSHUDLPVDWGHYHORSLQJDQHXUDOQHWZRUNPRGHO IRUFRQFUHWHSDYHPHQWFRQVWUXFWLRQRSHUDWLRQV
E\WDNLQJLQWRDFFRXQWWKHZRUNLQJDUHDFKDUDFWHULVWLFVDVGHQRWHGE\WKHZRUNLQJZLGWKDQGOHQJWKRID
JLYHQVXUIDFHDQGE\FRQVLGHULQJWKHFRQFUHWHWKLFNQHVVWREHFRQVWDQW7KHSDSHUVWUXFWXUHLVDVIROORZV
)LUVWEDFNJURXQGLQIRUPDWLRQRIWKHSUHYLRXVUHVHDUFKHIIRUWVRQ$11ZLWKLQWKHFRQVWUXFWLRQFRQWH[WDUH
JLYHQ IROORZHGE\DGHVFULSWLRQRI WKH UHVHDUFKPHWKRGRORJ\7KHQ WKHPRGHOGHYHORSPHQWSURFHVV LV
DQDO\]HGE\H[SODLQLQJWKHGDWDFROOHFWLRQSURFHVVWKHPRGHOVHWXSWKHWUDLQLQJDQGWHVWLQJSKDVHVDQG
FRQFOXGHV ZLWK WKH YDOLGDWLRQ RI WKH GHYHORSHGPRGHOV )LQDOO\ D FRPSDUDWLYH HYDOXDWLRQ RI WKH $11
PRGHOVLVFRQGXFWHGDJDLQVWWKHDFWXDOYDOXHVDQGWKHHVWLPDWHVRIHTXLYDOHQWPXOWLSOHUHJUHVVLRQPRGHOV
DQGWKHPDLQFRQFOXVLRQVDUHGHOLQHDWHG
%DFNJURXQG
3HUWLQHQWUHVHDUFKLQWKHDSSOLFDWLRQVRISURGXFWLYLW\DQGDUWLILFLDOQHXUDOQHWZRUNVUHYHDOVWKDWWKHUHLV
DVWURQJLQWHUHVWDPRQJVWFRQVWUXFWLRQSUDFWLWLRQHUV3DQDVDQG3DQWRXYDNLV0RUHVSHFLILFDOO\6KL
GHYHORSHGDQHXUDOQHWZRUNPRGHOWRSUHGLFWHDUWKPRYLQJSURGXFWLRQ7DPHWDOGHYHORSHG
D 0/)) QHXUDO QHWZRUN IRU VWXG\LQJ H[FDYDWLRQ RSHUDWLRQV $QRWKHU VWXG\ LQYROYLQJ WKH DQDO\VLV RI
HDUWKPRYLQJRSHUDWLRQVE\WKHXVHRI$11ZDVFRQGXFWHGE\&KDRZKRVWXGLHGWKHLQWHUDFWLRQRI
H[FDYDWRUVDQGWUXFNVZLWKLQVSHFLILFRSHUDWLRQDOVFHQDULRVDVZHOODV6FKDERZLF]DQG+RODZKR
FRPSDUHG TXHXLQJ WKHRU\PRGHOVZLWK QHXUDO QHWZRUNV0RUHRYHU2N DQG6LQKD  HVWLPDWHG WKH
SURGXFWLYLW\ RI GR]HUV DQG FRPSDUHG WKH UREXVWQHVV RI WKH GHYHORSHGPRGHOV ZLWK PXOWLSOH UHJUHVVLRQ
WRROV,QDGGLWLRQRWKHUFRQVWUXFWLRQDFWLYLWLHVKDYHDOVREHHQVWXGLHGE\WKHDLGRI$11VXFKDVZHOGLQJ
DQGSLSHLQVWDOODWLRQ$ERX5L]NHWDOKRRNWLPHVRIPRELOHFUDQHV7DPHWDOWKHLPSDFW
RIFKDQJHRUGHUVRQ ODERUSURGXFWLYLW\ 0RVHKOLHWDOSLOHFRQVWUXFWLRQSURGXFWLYLW\ =D\HGDQG
+DOSLQ  WXQQHO FRQVWUXFWLRQ 3HWURXWVDWRX HW DO  3HWURXWVDWRX DQG /DPEURSRXORV 
FRQFUHWLQJDFWLYLWLHV (]HOGLQDQG6KDUDUD VWHHOGUDIWLQJ 6RQJDQG$ERX5L]NDQGEHDPV
IRUPZRUN FRQVWUXFWLRQ 0XTHHP HW DO  0RUH FRPSOH[ PXOWLREMHFWLYH GHFLVLRQV KDYH EHHQ
DGGUHVVHGLQ3DQWRXYDNLVDQG0DQROLDGLV7KLVVWXG\IRFXVHVRQFRQFUHWHSDYHPHQWRSHUDWLRQVE\
GHYHORSLQJ DUWLILFLDO QHXUDO QHWZRUN PRGHOV ZKLFK DQDO\]H WKUHH PDLQ VXEWDVNV FRQFUHWH OD\HULQJ
FRQFUHWHILQLVKLQJDQGMRLQWVFXWWLQJ
5HVHDUFKPHWKRGRORJ\
7KHPHWKRGRORJLFDO IUDPHZRUN LV SUHVHQWHG LQ )LJXUH  3URGXFWLYLW\ GDWD ZHUH REWDLQHG WKURXJK D
FRPSUHKHQVLYHVWXG\RIFRQFUHWHSDYHPHQWFRQVWUXFWLRQRSHUDWLRQVRYHUDSHULRGRIHLJKWPRQWKVRQDQ
LQIUDVWUXFWXUH FRQVWUXFWLRQ SURMHFW 3ULPDU\ GDWD FROOHFWLRQ WRROV FRPSULVHG WLPH PHDVXUHPHQWV GLUHFW
REVHUYDWLRQDQGVLWHYLVLWV6HFRQGDU\GDWDFROOHFWLRQ WRROVHQWDLOHG VHPLVWUXFWXUHG LQWHUYLHZVZLWKNH\
SURMHFW SHUVRQQHO DVZHOO DV UHYLHZRI SURMHFW GRFXPHQWDWLRQ SURJUHVV SD\PHQWVZRUNKRXUV ORJ HWF
1H[WWKHPRGHOVHWXSLQLWLDWHVZKHUHWKHIDFWRUVKDYLQJWKHJUHDWHVWLPSDFWRQDUHXVHGDVLQSXWVLQWKH
QHXUDOQHWZRUNPRGHOV7KHQ WKHDUFKLWHFWXUHRI WKH$11 LVGHILQHG LQ WHUPVRI WKHQXPEHURI LQSXW 
RXWSXW QHXURQV WKH QXPEHU RI KLGGHQ OD\HUV DQG WKHLU UHVSHFWLYH QHXURQV WKH VFDOLQJ DQG DFWLYDWLRQ
IXQFWLRQVDQGWKHPDLQPRGHOSDUDPHWHUV$WWKHVDPHWLPHWKHWUDLQLQJSDWWHUQVDUHGHWHUPLQHGWRJHWKHU
ZLWKWKHWHVWLQJSDWWHUQVWKDWDUHJRLQJWRDVVHVVWKHQHWZRUN¶VOHDUQLQJHIILFLHQF\7KHWUDLQLQJDQGWHVWLQJ
FULWHULDDUHVSHFLILHGDQGWKH$11OHDUQLQJSURFHVVFDQFRPPHQFH:KHQ WKHVWRSSLQJFULWHULDDUHPHW
WKHQDVWDWLVWLFDOFRQWUROLVXQGHUWDNHQDQGLIDFFHSWHGWKHYDOLGDWLRQSURFHVVIROORZV7KHYDOLGDWLRQVHW
GHWHUPLQHV WKH QHWZRUN¶V JHQHUDOL]DWLRQ FDSDELOLWLHV /DVWO\ D FRPSDUDWLYH HYDOXDWLRQRI WKHGHYHORSHG
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PRGHOV LV SHUIRUPHG LQ UHODWLRQ WR GLIIHUHQW DQDO\VLV WHFKQLTXHV VXFK DV PXOWLSOH UHJUHVVLRQ VR DV WR
HYDOXDWHWKHPRGHOV¶SUHGLFWLRQDFFXUDF\

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&RQFUHWH SDYHPHQW FRQVWUXFWLRQZLWKLQ WKH VFRSH RI WKLV SDSHU UHJDUGV WKH OD\HULQJ RI UHDG\PL[HG
FRQFUHWHIRUWKHFRQVWUXFWLRQRIKHDY\GXW\VXUIDFHVLQH[WHUQDODUHDVZKLFKDUHLQWHQGHGWREHRSHUDWHG
E\ODUJHVFDOHPDFKLQHU\HJDLUSRUWVKDUERXUVHWF.QXWVRQHWDO7KHPDLQDFWLYLWLHVWKDWKDYH
WREHH[HFXWHGIRUWKHFRPSOHWLRQRIDJLYHQVXUIDFHRIFRQFUHWHSDYHPHQWVDUHLFRQFUHWHOD\HULQJLL
FRQFUHWHILQLVKLQJDQGLLLMRLQWVFXWWLQJ7KHVHTXHQFHRIWKHDFWLYLWLHVLVDVIROORZVILUVWDVXUYH\OLQHLV
HVWDEOLVKHG LQ WKHZRUNLQJDUHD WR IDFLOLWDWH IRUPVVHWWLQJDWSURSHUJUDGHDQGDOLJQPHQW&RQVHTXHQWO\
UHDG\PL[HG FRQFUHWH LV SRXUHG IURP WUXFNV ZKHUHDV VSHFLDOLVHG HTXLSPHQW LV XWLOL]HG IRU FRQFUHWH
OD\HULQJDQGVFUHHGLQJLQLWVILQDOSRVLWLRQE\WKHXVHRI*36JXLGHGODVHUVFUHHGHUV$IWHUKDYLQJUHDFKHG
WKHGHVLUHGWKLFNQHVVLQWKHSDYHPHQWOD\HUSRZHUWURZHO³KHOLFRSWHUV´HTXLSPHQWLVXVHGIRUILQLVKLQJ
WKH VXUIDFH DQG D IORDWWH[WXULQJ EUXVK LV XVHG LQ RUGHU WR DFTXLUH D URXJK ILQDO VXUIDFHZLWK LQFUHDVHG
WUDFWLRQ7KHILQDOWDVNLVWKHFRQWUDFWLRQDQGH[SDQWLRQMRLQWVFXWWLQJRQDJLYHQJULGHJHYHU\P
ZKLFK WDNHVSODFHDIWHU LQLWLDOFXULQJRI WKHFRQFUHWH7KHQH[WVHFWLRQVSUHVHQW WKHPRGHOGHYHORSPHQW
SURFHVVLQPRUHGHWDLO
$UWLILFLDOQHXUDOQHWZRUNPRGHOGHYHORSPHQW
7KLV VHFWLRQ GHVFULEHV WKH PDLQ VWHSV IRU WKH GHYHORSPHQW RI WKH $11 ,W VKRXOG EH QRWHG WKDW D
GLIIHUHQWPRGHO LV GHYHORSHG IRU HYHU\ FRQVWUXFWLRQ WDVN OD\HULQJ ILQLVKLQJ MRLQWV FXWWLQJ ZKLFK DUH
EDVHGRQGLIIHUHQWSULPDU\GDWDVHWV
'DWDFROOHFWLRQ
2YHUDQHLJKWPRQWKSHULRGIRUW\WKUHHGDWDSRLQWVKDYHEHHQFROOHFWHGIRUWKHVWXGLHGRSHUDWLRQV
(YHU\GDWDVHWKDVEHHQH[DPLQHGDQGWKHRXWOLHUVKDYHEHHQOHIWRXWRIWKHDQDO\VLV(DFKFROOHFWHGGDWD
SRLQWUHSUHVHQWVDWUDLQLQJSDWWHUQIRUWKH$11PRGHOWUDLQLQJ7KHILHOGGDWDEDVHKDVEHHQGLYLGHGLQWKH
PRGHO EXLOGLQJ  DQG YDOLGDWLRQ  GDWD VXEVHWV ,Q DGGLWLRQ WKH PRGHO EXLOGLQJ GDWD VXEVHW
FRPSULVHVWKHWUDLQLQJDQGWHVWLQJVXEVHWV7KHUHIRUHWKUHHGDWDVXEVHWVKDYHEHHQFUHDWHG
IURPHDFKRULJLQDOGDWDVHWDWUDLQLQJEWHVWLQJDQGFYDOLGDWLRQVXEVHWV
0RGHOVHWXS
%DVHGRQ WKHHODERUDWLRQRI WKHFROOHFWHGGDWDDQG WKHHYDOXDWLRQRI WKH VXSSOHPHQWDU\PDWHULDO WKH
IRFXVRI WKH VWXG\ LVRQ WZRRSHUDWLRQDO IDFWRUVZRUNLQJZLGWK Z LQPDQGZRUNLQJ OHQJWK O LQP
ZKLFKUHSUHVHQWWKHZRUNLQJDUHDIRUDJLYHQRSHUDWLRQ$VVXFKZRUNLQJZLGWKDQGOHQJWKDUHWKHWZR
LQSXW YDULDEOHVZKHUHDV SURGXFWLYLW\ LV WKH RXWSXW YDULDEOH LQ WKH GHYHORSHG$11PRGHOV 7KHPXOWL
OD\HUIHHGIRUZDUG0/))QHWZRUNZLWKEDFNSURSDJDWLRQ%3DOJRULWKPLVWKHVHOHFWHGDUFKLWHFWXUHDV
GHSLFWHG LQ)LJXUHEHORZ7KH1HXURVKHOO 1HXURVKHOOKDVEHHQXVHG WR WUDLQDQG WHVW DOO WKH
PRGHOV7KHQHWZRUNFRPSULVHVWKUHHOD\HUVDQLQSXW OD\HUDQRXWSXWOD\HUDQGLQWHUPHGLDWHRUKLGGHQ
OD\HUV7KHZLGWKDQGOHQJWKDUHWKHLQSXWQHXURQV,DQG,UHVSHFWLYHO\ZKLOHSURGXFWLYLW\LVWKHRXWSXW
QHXURQ 27KHQXPEHURI KLGGHQ OD\HUV DQG WKHQXPEHURI QHXURQV LQ HDFKKLGGHQ OD\HU LV VHOHFWHG
EDVHGRQWKHDFFXUDF\ZLWKZKLFKWKHQHWZRUNVUHVSRQGWRWUDLQLQJDQGWHVWSDWWHUQV7KHDUFKLWHFWXUHRI
WKH0/))QHXUDOQHWZRUNLQFOXGHVWKUHHW\SHVRIIXQFWLRQVVFDOLQJDFWLYDWLRQDQGWUDQVIHU7KHILUVW LV
XVHG WRPDS WKH LQSXWYDULDEOHV IURP WKHLUQXPHULFUDQJH LQWRD UDQJH WKDW WKHQHXUDOQHWZRUNFDQGHDO
ZLWK HIILFLHQWO\ 7DP HW DO  7KH VHFRQG LV XWLOL]HG WR SURGXFH RXWSXWV EDVHG XSRQ WKH VXP RI
ZHLJKWHGYDOXHVSDVVHGWRWKHPDQGWKHWKLUGSURYLGHVWKHWRWDORXWSXWRIWKHPRGHO7KHFKRVHQVFDOLQJ
IXQFWLRQLVOLQHDU>@ZKLOHIRUWKHDFWLYDWLRQIXQFWLRQVWKUHHW\SHVKDYHEHHQXVHGWDQK*DXVVLDQDQG
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*DXVVLDQ FRPSOHPHQW /DVWO\ WKH ORJLVWLF IXQFWLRQ KDV EHHQ DGRSWHG IRU WKH RXWSXW OD\HU 7KH
PDWKHPDWLFDOH[SUHVVLRQVRIDOOXVHGIXQFWLRQVDUHJLYHQLQWKH(TXDWLRQVWREHORZ

/LQHDU      > @  /%8%/%[[I        
+\SHUEROLFWDQJHQW    [[I WDQK        
*DXVVLDQ    H[S [[I         
*DXVVLDQFRPSOHPHQW    H[S [[I       
/RJLVWLF     [[I H[S         

ZKHUH[LVWKHLQSXWWRWKHIXQFWLRQVDQG/%8%DUHWKHORZHUXSSHUERXQGRIWKHLQSXWYDULDEOHV

'LIIHUHQW QHWZRUN DUFKLWHFWXUHV ZHUH H[DPLQHG E\ WUDLQLQJ DQG WHVWLQJ WKHP WR PDNH WKH PRVW
DSSURSULDWHVHOHFWLRQ7KHPDLQFULWHULDZHUHLWKHQXPEHURIQHXURQVWREHVXIILFLHQWIRUWKHQHWZRUNWR
FRQYHUJHKRZHYHUQRWWRRPDQ\VRDVWRPDNH WKHQHWZRUNPHPRUL]HWKHSUREOHPLQKDQGDQGLL WKH
QXPEHURIKLGGHQ OD\HUV VKRXOGEHPLQLPL]HG WRDYRLGD ORQJHU WUDLQLQJSHULRG IRU WKHQHXUDOQHWZRUN
(]HOGLQDQG6KDUDUD$VVKRZQLQ)LJXUHRQHKLGGHQOD\HUKDVEHHQXVHGZLWKWKUHHVODEVHDFK
RQHFRQWDLQLQJGLIIHUHQWQXPEHURIQHXURQVIRUHYHU\VXEWDVNPRGHOWZRQHXURQVIRUWKHOD\HULQJPRGHO
VL[QHXURQVIRUWKHILQLVKLQJDQGILYHQHXURQVIRUWKHMRLQWVFXWWLQJPRGHO+HQFHWKH0/))DUFKLWHFWXUH
LV FRGLILHG DV   DQG  UHVSHFWLYHO\ 7KH XVH RI PXOWLSOH KLGGHQ VODEV DQG GLIIHUHQW
DFWLYDWLRQ IXQFWLRQV LV EHOLHYHG WR PDNH WKH QHWZRUNV YHU\ SRZHUIXO VLQFH WKH KLGGHQ OD\HUV GHWHFW
GLIIHUHQWIHDWXUHVRIWKHLQSXWYHFWRUVKHQFHJLYLQJWKHRXWSXWOD\HUGLIIHUHQW³YLHZV´RIWKHGDWD(YHU\
PRGHO KDV WKH VDPHSDUDPHWHUV LQ WHUPVRI LQLWLDO OHDUQLQJ UDWH PRPHQWXPFRHIILFLHQWV DQG
LQLWLDOZHLJKWVFRHIILFLHQWV7KHSDUDPHWHUVDUHJLYHQUDWKHUORZYDOXHVVRDVWRJUDVSWKHFRPSOH[
UHODWLRQVKLSVRIWKHGHYHORSHGPRGHOV
0RGHOWUDLQLQJDQGWHVWLQJ
(DFK%3PRGHO VWDUWV RXW WKH WUDLQLQJZLWK WKH LQLWLDO ZHLJKWV DV GHVFULEHG LQ WKH SUHYLRXV VHFWLRQ
(YHU\WUDLQLQJGDWDVHWLV LQVHUWHGDVLQSXWWRWKHPRGHODQGDQHVWLPDWHRIFRQFUHWHSDYHPHQWSURGXFWLYLW\LV
SURGXFHGDVWKHRXWSXW7KHWUDLQLQJFRQWLQXHVDQGDWWKHVDPHWLPHWKHZHLJKWVDUHFRQVWDQWO\XSGDWHGXQWLO
WKH HUURU LQ WKH HVWLPDWHVRI WKH WHVW VXEVHW UHDFKHV DQ DFFHSWDEOH OHYHO7DEOHSUHVHQWV WKH UHVXOWV RI WKH
WUDLQLQJDQG WHVWLQJSURFHVV IRUWKHFRQFUHWH OD\HULQJSURGXFWLYLW\PRGHO,QDVLPLODU IDVKLRQWKHRWKHU WZR
$11VKDYHEHHQGHYHORSHG

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,QSXWQHXURQV:LGWK/HQJWK
6FDOLQJIXQFWLRQ/LQHDU>@
,
2XWSXWQHXURQ3URGXFWLYLW\
7UDQVIHUIXQFWLRQ/RJLVWLF
1RRIQHXURQV/D\HULQJ
)LQLVKLQJ-RLQWVFXWWLQJ
6FDOLQJIXQFWLRQ*DXVVLDQ
1RRIQHXURQV/D\HULQJ
)LQLVKLQJ-RLQWVFXWWLQJ
6FDOLQJIXQFWLRQWDQK
1RRIQHXURQV/D\HULQJ
)LQLVKLQJ-RLQWVFXWWLQJ
6FDOLQJIXQFWLRQ*DXVVLDQ
FRPSOHPHQW


)LJ7KH$11DUFKLWHFWXUH
7DEOH7UDLQLQJDQGWHVWLQJSURFHVVIRUFRQFUHWHOD\HULQJ$11
7UDLQLQJVWDWLVWLFV 7UDLQLQJGDWD 7HVWLQJVWDWLVWLFV 7HVWLQJGDWD
/HDUQLQJHYHQWV  &DOLEUDWLRQLQWHUYDO 
/HDUQLQJHSRFKV  /DVWDYJLQWHUQDOHUURU 
/DVWDYJHUURU  0LQDYJHUURU 
0LQDYJHUURU  (YHQWVVLQFHPLQDYJHUURU 
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
)LJ3UHGLFWHGYVDFWXDOSURGXFWLYLW\SORWIRUDFRQFUHWHOD\HULQJEILQLVKLQJFDQGMRLQWVFXWWLQJSURGXFWLYLW\
7KH$11SHUIRUPVOLNHD³EODFNER[´VLQFHDIWHUDQLQSXWSDWWHUQLVSUHVHQWHGRXWSXWVDUHFRPSXWHG
DFFRUGLQJO\ 6KDERZLW] DQG +ROD  2N DQG 6LQKD  7KHUHIRUH FRQILGHQFH LQ WKH UHVXOWV LV
EDVHGZKROO\RQWKHWUDLQLQJDQGWHVWSURFHGXUHV:KHQWKHDFWXDOSURGXFWLYLW\YDOXHVDUHSORWWHGDJDLQVW
WKHYDOXHVGHULYHGIURPWKH$11PRGHODOLQHDUWUHQGZLWKFORVHILWLVREWDLQHGDVVKRZQLQ)LJXUH
7KH HVWLPDWH RI D SRLQW WKDW OLHV LQ WKH  OLQH LV H[DFWO\ HTXDO WR WKH REVHUYHG YDOXH RI DFWXDO
SURGXFWLYLW\ ,W VHHPV WKDW WKH OD\HULQJSURGXFWLYLW\PRGHO SURYLGHV WKHEHVW VKDSHRI DFWXDO DQG ILWWHG
SURGXFWLYLW\SORW
9DOLGDWLRQ
$WUDLQHGQHWZRUNFDQEHWHVWHGRQLWVJHQHUDOL]DWLRQFDSDELOLWLHVE\DSSO\LQJLWWRWHVWSDWWHUQVZKLFK
VKRXOGQRWSDUWLFLSDWHLQWUDLQLQJVRDVWRYDOLGDWHWKHUHVXOWV7KUHHYDOLGDWLRQVXEVHWVKDYHEHHQFUHDWHG
HDFKRQHFRQWDLQLQJVHYHQVL[DQGILYHSDWWHUQVIRUWKHFRQFUHWHOD\HULQJILQLVKLQJDQGMRLQWV
FXWWLQJ PRGHOV UHVSHFWLYHO\ (LJKW UHIHUHQFH SDUDPHWHUV DUH XVHG IRU HDFK PRGHO DV VKRZQ EHORZ
1HXURVKHOO
x 5VTXDUHGFRHIILFLHQWRIPXOWLSOHGHWHUPLQDWLRQZKLFKFRPSDUHVWKHDFFXUDF\RIWKHPRGHOWRWKH
DFFXUDF\RIDWULYLDOEHQFKPDUNPRGHOZKHUHLQWKHSUHGLFWLRQLVMXVWWKHPHDQRIDOOWKHVDPSOHV7KH
FORVHULWVYDOXHWRWKHEHWWHUWKHPRGHO¶VILW
x &RUUHODWLRQFRHIILFLHQW³U´LWLVDVWDWLVWLFDOPHDVXUHRIWKHVWUHQJWKRIWKHUHODWLRQVKLSEHWZHHQWKH
DFWXDODQGWKHSUHGLFWHGYDOXHV7KH³U´FRHIILFLHQWUDQJHVIURPWRDQGWKHVWURQJHUWKH³U´WR
WKHVWURQJHUWKHSRVLWLYHOLQHDUUHODWLRQVKLS
x UVTXDUHGWKLVLVWKHVTXDUHRIWKHFRUUHODWLRQFRHIILFLHQWGHVFULEHGEHIRUH
x 0HDQVTXDUHGHUURUWKLVLVWKHPHDQRYHUDOOSDWWHUQVLQWKHILOHRIWKHVTXDUHRIWKHDFWXDOYDOXH
PLQXVWKHSUHGLFWHGYDOXHLHDFWXDOSUHGLFWHGA
x 0HDQDEVROXWHHUURUWKLVLVWKHPHDQRYHUDOOSDWWHUQVRIWKHDEVROXWHYDOXHRIWKHDFWXDOPLQXVWKH
SUHGLFWHGLHDFWXDOSUHGLFWHG
x 0LQDEVROXWHHUURUWKLVLVWKHPLQLPXPRIDFWXDOSUHGLFWHGRIDOOSDWWHUQV
x 0D[DEVROXWHHUURUWKLVLVWKHPD[LPXPRIDFWXDOSUHGLFWHGRIDOOSDWWHUQV
x 3HUFHQWZLWKLQDQGRYHULWUHSUHVHQWVWKHSHUFHQWRIQHWZRUNDQVZHUV
WKDWDUHZLWKLQWKHVSHFLILHGSHUFHQWDJHRIWKHDFWXDODQVZHUVXVHGWRWUDLQWKHQHWZRUN
,QGLFDWLYHO\WKHYDOLGDWLRQUHVXOWVIRUFRQFUHWHOD\HULQJ$11DUHSUHVHQWHGLQ7DEOHEHORZ
7DEOH9DOLGDWLRQUHVXOWVIRUFRQFUHWHOD\HULQJ$11
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6WDWLVWLFDOSDUDPHWHU 7UDLQLQJ	7HVWLQJGDWD 9DOLGDWLRQGDWD
5VTXDUHG  
&RUUHODWLRQFRHIILFLHQWU  
UVTXDUHG  
0HDQVTXDUHGHUURU  
0HDQDEVROXWHHUURU  
0LQDEVROXWHHUURU  
0D[DEVROXWHHUURU  
3HUFHQWZLWKLQ  
3HUFHQWZLWKLQ  
3HUFHQWZLWKLQ  
3HUFHQWZLWKLQ  
3HUFHQWZLWKLQ!  


)RUWKHILQLVKLQJPRGHOWKHUVTXDUHGYDOXHVIRUWKHWUDLQLQJDQGYDOLGDWLRQGDWDDUHDQG
UHVSHFWLYHO\,QWKHVDPHIDVKLRQWHVWLQJDQGYDOLGDWLRQUVTXDUHGYDOXHVIRUWKHMRLQWVFXWWLQJPRGHODUH
DQG,QVKRUWWKHFRQFUHWHOD\HULQJDQGILQLVKLQJ$11VHHPWREHUHODWLYHO\UREXVWZKLOH
WKHMRLQWVFXWWLQJPRGHOVKRZVDPRGHUDWHFRUUHODWLRQRIWKHUHVXOWV
&RPSDUDWLYHDQDO\VLVRIWKHUHVXOWV
3DQDV DQG 3DQWRXYDNLV  GHYHORSHG PXOWLSOH UHJUHVVLRQ PRGHOV WR DQDO\]H WKH UHODWLRQVKLS RI
FRQFUHWHSDYHPHQWSURGXFWLYLW\DQGZRUNLQJDUHDLHZLGWKDQGOHQJWK7KHUHVXOWVRIERWKHVWLPDWLRQ
PHWKRGVLQUHODWLRQWRWKHDFWXDOILHOGGDWDDUHVKRZQLQ)LJXUHVDEDQGFIRUWKHFRQFUHWHOD\HULQJ
ILQLVKLQJ DQG MRLQWV FXWWLQJRSHUDWLRQV UHVSHFWLYHO\ ,Q WKH FDVHRI WKH FRQFUHWH OD\HULQJ RSHUDWLRQV WKH
0HDQ6TXDUH(UURU06(IRUWKH$11PRGHOLVZKHUHDVIRUWKH05PRGHOLWLV$VVXFKWKH
$11LVDPRUHUREXVWPRGHO6DPHJRHVIRUWKHILQLVKLQJRSHUDWLRQVZLWKWKH06(YDOXHVEHLQJ
$11PRGHODQG05PRGHO7KHMRLQWVFXWWLQJRSHUDWLRQVWKRXJKDUHEHWWHUUHSUHVHQWHGE\WKH
05PRGHO06(HTXDOVWKDQWKH$11PRGHO06(HTXDOV$YLVXDOLQVSHFWLRQRIWKH
UHVXOWV UHYHDOV D WHQGHQF\ RI WKH$11 WR VOLJKWO\ RYHUHVWLPDWH LWV SUHGLFWLRQV LQ UHODWLRQ WR WKH DFWXDO
GDWD
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
)LJ3UHGLFWHGYVDFWXDOSURGXFWLYLW\SORWIRUDFRQFUHWHOD\HULQJEILQLVKLQJFDQGMRLQWVFXWWLQJSURGXFWLYLW\
&RQFOXVLRQV
%DVHGRQILHOGPHDVXUHPHQWVRIDFWXDOFRQFUHWHSDYHPHQWRSHUDWLRQVWKLVVWXG\KDVVKRZQWKDW$11
FDQ EH D YDOXDEOH DQG SUDFWLFDO DQDO\VLV WRRO IRU FUHDWLQJ DPRGHOV WKDW UHSUHVHQW DFWXDO FRQVWUXFWLRQ
RSHUDWLRQVDQGEPRGHOVZKLFKFDQEHXVHGIRUHVWLPDWLRQSXUSRVHVEDVHGRQSUHGLFWLRQVJHQHUDWHGE\
WKH WUDLQHG QHWZRUNV 0RUHRYHU WKH FRPSDUDWLYH DQDO\VLV ZLWK WKH PXOWLSOH UHJUHVVLRQ WHFKQLTXH KDV
VKRZQ WKDW IRU VSHFLILF WDVNV WKH SUHGLFWLYH SHUIRUPDQFH RI WKH0/)) QHWZRUNZLWK %3 DOJRULWKP LV
VXSHULRU WR WKH PXOWLSOH UHJUHVVLRQ PRGHOV DSDUW IURP WKH FDVH RI WKH MRLQWV FXWWLQJ RSHUDWLRQV 7KH
FRQFUHWH SDYHPHQW SURGXFWLYLW\ SUHGLFWLRQ PRGHOV GHYHORSHG KHUHLQ HQDEOH SODQQHUV DQG HVWLPDWRUV WR
DFTXLUHPRUHDFFXUDWHSUHGLFWLRQVIRUGLIIHUHQWRSHUDWLRQDOVFHQDULRV
5HIHUHQFHV

$ERX5L]N60.QRZOHV3	+HUPDQQ8$(VWLPDWLQJODERUSURGXFWLRQUDWHVIRULQGXVWULDOFRQVWUXFWLRQDFWLYLWLHV
-RXUQDORI&RQVWUXFWLRQ(QJLQHHULQJDQG0DQDJHPHQW

&KDR/&$VVHVVLQJHDUWKPRYLQJRSHUDWLRQFDSDFLW\E\QHXUDOQHWZRUNEDVHGVLPXODWLRQZLWKSK\VLFDOIDFWRUV&RPSXWHU
$LGHG&LYLODQG,QIUDVWUXFWXUH(QJLQHHULQJ

(]HOGLQ$6	6KDUDUD/01HXUDOQHWZRUNVIRUHVWLPDWLQJWKHSURGXFWLYLW\RIFRQFUHWLQJDFWLYLWLHV-RXUQDORI
&RQVWUXFWLRQ(QJLQHHULQJDQG0DQDJHPHQW

.QXWVRQ.6FKH[QD\GHU&-)LRUL&	0D\R5&RQVWUXFWLRQPDQDJHPHQWIXQGDPHQWDOV1HZ<RUN0F*UDZ+LOO

0RVHKOL2$VVHP,	(O5D\HV.&KDQJHRUGHUVLPSDFWRQODERUSURGXFWLYLW\-RXUQDORI&RQVWUXFWLRQ(QJLQHHULQJ
DQG0DQDJHPHQW

0XTHHP6,GUXV$.KDPLGL0)$KPDG-%	=DNDULD6%&RQVWUXFWLRQODERUSURGXFWLRQUDWHVPRGHOLQJXVLQJ
DUWLILFLDOQHXUDOQHWZRUNV-RXUQDORI,QIRUPDWLRQ7HFKQRORJ\LQ&RQVWUXFWLRQ

1HXURVKHOO1HXURVKHOOXVHU¶VPDQXDO:DUG6\VWHP*URXS,QF)UHGHULFN0G

2N6&	6LQKD6.&RQVWUXFWLRQHTXLSPHQWSURGXFWLYLW\HVWLPDWLRQXVLQJDUWLILFLDOQHXUDOQHWZRUNPRGHO&RQVWUXFWLRQ
0DQDJHPHQWDQG(FRQRPLFV
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
3DQDV$DQG3DQWRXYDNLV-3(YDOXDWLQJUHVHDUFKPHWKRGRORJ\LQFRQVWUXFWLRQSURGXFWLYLW\VWXGLHV7KH%XLOWDQG+XPDQ
(QYLURQPHQW5HYLHZ

3DQDV$	3DQWRXYDNLV-30XOWLDWWULEXWHUHJUHVVLRQDQDO\VLVIRUFRQFUHWHSDYHPHQWSURGXFWLYLW\HVWLPDWLRQ
2UJDQLVDWLRQ7HFKQRORJ\DQG0DQDJHPHQWLQ&RQVWUXFWLRQ$Q,QWHUQDWLRQDO-RXUQDO

3DQWRXYDNLV-3	0DQROLDGLV2$FRPSURPLVHSURJUDPPLQJPRGHOIRUVLWHVHOHFWLRQRIERUURZSLWV&RQVWUXFWLRQ
0DQDJHPHQW	(FRQRPLFVSS

3HWURXWVDWRX.*HRUJRSRXORV*3DQWRXYDNLV-3	/DPEURSRXORV6(DUO\&RVW(VWLPDWLQJRI5RDG7XQQHO
&RQVWUXFWLRQ8VLQJ1HXUDO1HWZRUNV-RXUQDORI&RQVWUXFWLRQ(QJLQHHULQJDQG0DQDJHPHQW$6&(LQSUHVV'2,
$6&(&2

3HWURXWVDWRX.	/DPEURSRXORV63UH(VWLPDWLRQRI5RDG7XQQHO&RQVWUXFWLRQ&RVW7HFKQLND&KURQLND,6FLHQWLILF
-RXUQDORIWKH7HFKQLFDO&KDPEHURI*UHHFH

6FKDERZLW].	+ROD%0DWKHPDWLFDOQHXUDOPRGHOIRUDVVHVVLQJSURGXFWLYLW\RIHDUWKPRYLQJPDFKLQHU\-RXUQDORI
&LYLO(QJLQHHULQJDQG0DQDJHPHQW
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